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(54) NEAR-FIELD OPTICAL HEAD 

(57) There is provided a near-field optical head 
capable of simplifying control of a distance between a 
record medium and a head by a simple structure. A can- 
tilever 2 is formed at a slider 1 constituting a fly head 
mechanism. The cantilever 2 is provided with a tip 3 
conducted with a sharpening treatment at its front end. 
When a record medium 4 is rotated, the slider 1 is 
inclined and flown by which the tip 3 at the front end of 
the cantilever 2 is brought into contact with the record 
medium 4. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a near-field 
optical head, more particularly to a near-field optical 
head in which near-field microscope technology is 
applied to a head of a recording apparatus represented 
by a hard disk or the like. 

BACKGROUND OF THE INVENTION 

[0002] According to a near-field microscope provided 
with an optical probe utilizing near filed light, a sample 
can be observed with a high resolution equal to or 
higher than a diffraction limit of light. According to such 
a near -field microscope, as an end portion of the optical 
probe opposed to a sample, there is used a very small 
aperture provided at a sharpened distal end of an opti- 
cal fiber or a very small aperture provided at a tip of a 
silicon substrate which is formed by carrying out aniso- 
tropic etching or there is used a very small protrusion 
constituted by the sharpened distal end of the optical 
fiber or on the tip. 

[0003] Meanwhile, there has been proposed a near- 
field optical memory disclosed in. for example, (E. 
Betzig et al.. Science 257. 189 (1992)) to which such an 
observation principle is applied. According to such an 
example of application, a very small aperture or a very 
small protrusion formed at a recording or reading head 
needs to be proximate to a surface of a record medium 
or to be brought into contact with the surface within a 
wavelength of illumination light which is propagating 
light. 

[0004] In many cases of a recording/reading system 
of a near-field optical memory, a record medium in a 
disk-like shape is rotated and a surface thereof is 
scanned by a head. Therefore, in accordance with rota- 
tion of the record medium, vibration is caused in an in- 
plane direction of a principal face (direction in parallel 
with the principal face) and in an out-of-plane direction 
(direction orthogonal to the principal face). In a record- 
ing/reading system, a head and a surface to be 
detected need to be proximate to each other and there- 
fore, the vibration in the out-of-plane direction becomes 
important The vibration in the out-of-plane direction is 
mainly caused by flatness of the principal face of the 
record medium, accuracy of attaching the record 
medium to a rotating shaft and accuracy of a bearing of 
the rotating shaft. Meanwhile, on the side of the head, 
the very small aperture or the very small protrusion 
needs to follow the vibration in the out-of-plane direction 
of the record medium. 

[0005] Generally, according to a recording/reading 
system of a near-field optical memory, there is used a 
head adopting a cantilever structure having a very small 
aperture or a very small protrusion, when the head is 
operated by a contact AFM (Atomic Force Microscope), 



there is needed a distance detecting mechanism for 
detecting bending of the cantilever, or, when the head is 
operated by cyclic contact or shear force, there is 
needed a distance detecting mechanism for detecting a 

5 change in the frequency, an amplitude and a phase of 
vibration or the like. Further, there are needed a feed- 
back circuit for feeding back a detected signal thereof 
and a distance changing mechanism for actively chang- 
ing an interval between the cantilever and the record 

10 medium based on the feedback signal. 

[0006] However, according to the above-described 
conventional recording/reading system of the near-field 
optical memory, the distance detecting mechanism, the 
feedback circuit and the distance changing mechanism 

is are necessary and therefore, there poses a problem of 
complicating the constitution. 

[0007] Hence, the invention has been carried out in 
view of the above-described and it is an object thereof 
to provide a near-field optical head having a simple 
20 structure and capable of simplifying control of a dis- 
tance between a record medium and a head. 

DISCLOSURE OF THE INVENTION 

25 [0008] In order to achieve the above-described object, 
according to an aspect of the invention, there is pro- 
vided a near-field optical head characterized in compris- 
ing a slider supported by a suspension arm for providing 
a load, exerting a fly force by a movement thereof rela- 

30 tive to a record medium and producing a clearance 
between the slider and the record medium by balancing 
the load with the fly force and a cantilever extended from 
the slider and having a very small protrusion or a very 
small aperture at an end portion thereof, wherein the 

35 very small protrusion or the very small aperture is 
brought into contact with the record medium by flying 
and inclining the slider. 

[0009] The near-field optical head uses a flying-head 
mechanism and therefore, an active distance controlling 

40 mechanism in respect of the record medium is dis- 
pensed with. Further, by utilizing the near-field light, a 
resolution equal to or higher than a diffraction limit of 
light is achieved, there is adopted a system of bringing 
the very small protrusion or the very small aperture in 

45 contact with the record medium and accordingly, fine 
data can be recorded and reproduced and a transmis- 
sion rate of data is increased. 

[0010] Further, according to another aspect of the 
invention, there is provided a near-field optical head 

so characterized in comprising a slider supported by a sus- 
pension arm for providing a load, exerting a fly force by 
a movement thereof relative to a record medium and 
producing a clearance between the slider and the 
record medium by balancing the load with the fly force 

55 and a cantilever having a very small protrusion or a very 
small aperture and extended from the slider such that 
when the slider is brought into a state of being in contact 
with the record medium, the very small protrusion or the 
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very small aperture is brought into a state of being not 
in contact with the record medium, wherein when the 
slider is flown and inclined, the very small protrusion or 
the very small aperture is brought into contact with the 
record medium. 

[0011] The near-field optical head uses the flying- 
head mechanism and accordingly, an active distance 
controlling mechanism in respect of the record medium 
is dispensed with. Further, by utilizing near-field light, a 
resolution equal to or higher than a diffraction limit of 
light is achieved, there is adopted the system of bringing 
the very small protrusion or the very small aperture in 
contact with the record medium and accordingly, fine 
data can be recorded and reproduced and the transmis- 
sion rate of data is increased. Further, only when the 
slider is made to fly. the very small protrusion or the very 
small aperture is brought into contact with the record 
medium and is not brought into contact therewith in a 
stationary state and accordingly, the very small protru- 
sion or the very small aperture can effectively be pro- 
tected. 

[0012] Further, according to another aspect of the 
invention, there is provided a near-field optical head 
characterized in comprising a slider supported by a sus- 
pension arm for providing a load, exerting a fly force by 
a movement thereof relative to a record medium and 
producing a clearance between the slider and the 
record medium by balancing the load with the fly force 
and a cantilever having a very small protrusion or a very 
small aperture at an end portion thereof, extended from 
the slider and providing a height difference between the 
very small protrusion or the very small aperture and a 
bottom face of the slider, wherein when the slider is 
flown and inclined, the very small protrusion or the very 
small aperture is brought into contact with the record 
medium. 

[001 3] According to the near-field optical head, the f ry- 
ing-head mechanism is used and accordingly, an active 
distance controlling mechanism in respect of the record 
medium is dispensed with. Further, by utilizing near- 
field light, a resolution equal to or higher than a diffrac- 
tion limit of light is achieved, there is adopted the system 
of bringing the very small protrusion or the very small 
aperture into contact with the record medium and 
accordingly, fine data can be recorded and reproduced 
and the transmission rate of data is increased. Further, 
by providing the height difference between the very 
small protrusion or the very small aperture and the bot- 
tom face of the slider, only when the slider is flown, the 
very small protrusion or the very small aperture is 
brought into contact with the record medium. Therefore, 
the very small protrusion or the very small aperture can 
effectively be protected. 

[0014] Further, according to another aspect of the 
invention, there is provided a near-field optical head 
characterized in comprising a slider supported by a sus- 
pension arm for providing a load, exerting a fly force by 
a movement thereof relative to a record medium and 



producing a clearance between the slider and the 
record medium by balancing the load with the fly force, 
a cantilever extended from the slider and having a very 
small protrusion or a very small aperture at an end por- 

5 tion thereof and a moving mechanism for moving the 
slider in a direction orthogonal to the record medium, 
wherein the very small protrusion or the very small 
aperture is brought into contact with the record medium 
when the slider is made to approach the record medium 

10 by the moving mechanism and is made to fly. 

[0015] The near-field optical head uses the flying- 
head mechanism and therefore, an active distance con- 
trolling mechanism in respect of the record medium is 
dispensed with. Further, by utilizing near-field light a 

75 resolution equal to or higher than a diffraction limit of 
light is achieved, there is adopted the system of bringing 
the very small protrusion or the very small aperture into 
contact with the record medium and accordingly, fine 
data can be recorded and reproduced and the transmis- 

20 sion rate of data is increased. 

[0016] Further, according to another aspect of the 
invention, there is provided a near-field optical head 
characterized in comprising a slider supported by a sus- 
pension arm for providing a load, exerting a fly force by 

25 a movement thereof relative to a record medium and 
producing a clearance between the slider and the 
record medium by balancing the load with the fly force, 
a moving mechanism for moving the slider in a direction 
orthogonal to the record medium and a cantilever hav- 

30 ing a very small protrusion or a very small aperture and 
extended from the slider such that the very small protru- 
sion or the very small aperture is brought into a state of 
being not in contact with the record medium when the 
slider is brought into a state of being separated from the 

35 record medium, wherein when the slider is made to 
approach the record medium and is made to fry, the very 
small protrusion or the very small aperture is brought 
into contact with the record medium. 
[00171 The near-field optical head uses the flying- 

40 head mechanism and accordingly, an active distance 
controlling mechanism in respect of the record medium 
is dispensed with. Further, by utilizing near-field light, a 
resolution equal to or higher than a diffraction limit of 
light is achieved, there is adopted the system of bringing 

45 the very small protrusion or the very small aperture into 
contact with the record medium and accordingly, fine 
data can be recorded and reproduced and the transmis- 
sion rate of data is increased. Further, only when the 
slider is made to fly, the very small protrusion or the very 

so small aperture is brought into contact with the record 
medium and is not brought into contact therewith in 
other state and accordingly, the very small protrusion or 
the very small aperture can effectively be protected. 
[0018] Further, according to another aspect of the 

55 invention, there is provided a near-field optical head in 
accordance with the above-described near-field optical 
head, in which the very small aperture is formed at a 
contact pad provided at the end portion of the cantilever. 
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[001 9] At present, there is known a contact system 
which is conducted by providing a contact pad at a bot- 
tom face of a slider (even when the slider jumps, a max- 
imum of 10 nm of a fly amount is provided) and 
according to the invention, the very small aperture is 
formed at the contact pad. Particularly when matching 
of heights of the front end of the tip and the bottom face 
of the slider becomes difficult, an effective constitution is 
constructed. Further, the tip becomes difficult to 
destruct with a size to a degree of the contact pad. Fur- 
ther, adsorption with the record medium is reduced. 
[0020] Further, according to another aspect of the 
invention, there is provided a near-field optical head in 
accordance with the above-described near-field optical 
head wherein a plurality of the very small protrusions or 
the very small apertures are provided, illumination light 
is divided by using a monochrornator and divided por- 
tions of the light are irradiated to portions of the record 
medium in correspondence with the respective very 
small protrusions or very small apertures. 
[0021] In this way, when illumination light is divided by 
using the monochrornator, multiplex formation can be 
constructed by a single light source. Therefore, the 
head size can be made compact. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

Fig. 1 is an outline constitution view showing a 
near-field optical head according to Embodiment 1 
of the invention. 

Fig. 2 is an explanatory view showing a state in 
which a record medium is not rotated. 
Fig. 3 is an explanatory view showing a contact 
state of a tip. 

Fig. 4 is an explanatory view showing a contact 
state of a tip. 

Fig. 5 is an outline constitution view showing a 
near-field optical head according to Embodiment 2 
of the invention. 

Fig. 6 is an enlarged sectional view showing a very 
small aperture shown by Fig. 5. 
Fig. 7 is an outline constitution view showing a con- 
stitution example when a head is brought into a 
multiplex formation. 

Fig. 8 is an outline constitution view showing a 
near-field optical head according to Embodiment 3 
of the invention. 

Fig. 9 is an outline constitution view showing a 
near-field optical head according to Embodiment 4 
of the invention. 

Fig. 10 is a outline constitution view showing move- 
ment of the near-field optical head according to 
Embodiment 4 of the invention in a horizontal direc- 
tion. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0023] A detailed explanation will be given of the 
invention in reference to the drawings as follows. Fur- 
s ther, the invention is not limited by the embodiments. 

(Embodiment 1) 

[0024] Fig. 1 is an outline constitution view showing a 

io near-field head according to Embodiment 1 of the 
invention. More in details. Fig. 1 shows a sectional 
structure of a record medium and an attitude of a head 
in making access to the record medium. A slider 1 is 
supported by a suspension arm (illustration is omitted). 

15 A fly head mechanism is constituted by the suspension 
arm and the slider 1 . The suspension arm is pivoted 
centering on a pivoting shaft with a voice coil motor 
(illustration is omitted) as a drive source. A taper 1 a is 
provided in a scanning direction of the slider 1. A flow 

20 path 1 c in a shape of a wedge film is formed by the taper 
1a, a bottom face 1b of the slider and a surface of a 
record medium 4. The slider 1 is applied with load 
directed to a side of the record medium 4 by the suspen- 
sion arm and a gimbal spring. The slider 1 is positioned 

25 on a track of the record medium 4 by seek control and 
following control. 

[0025] A cantilever 2 is extended from the slider 1 
along the scanning direction. Further, the cantilever 2 is 
provided with a tip 3 at its front end. The tip 3 is sharp- 

30 ened to constrict by a sharpening treatment. Therefore, 
the cantilever 2 is difficult to adsorb to the record 
medium 4. Further, there is a height difference between 
the tip 3 and the bottom face 1b of the slider. The canti- 
lever 2 is formed integrally with the slider 1 by an Si 

35 process. When the cantilever 2 and the slider 1 are inte- 
grally formed by the Si process, a height between the 
bottom face 1b of the slider and the tip 3 can finely be 
controlled. Therefore, even with the very sharp tip 3, its 
front end is not destructed. 

40 [0026] The surface of the record medium 4 is formed 
with bits 9. A light source (illustration is omitted) is 
arranged at a rear face of the record medium 4. Further, 
although according to the example, there is shown a 
case of collection by total reflection, there may be used 

45 a case which does not use total reflection (dark field illu- 
mination or the like) or illumination. Further, a con- 
denser lens 5 and a light detecting element 6 are 
arranged above the cantilever 2. The light detecting ele- 
ment 6 is connected to a signal processing system 

so (illustration is omitted) for processing a photoelectrically 
converted signal. 

[0027] Next, an explanation will be given of operation 
of the near-field optical head 100. When the record 
medium 4 is not rotated, the slider 1 does not fly up but 
55 is grounded on the record medium 4. Under the state, 
as shown by Fig. 2, the cantilever 2 is not brought into 
contact with the record medium 4. Next, when air 10 
above the surface of the record medium 4 is pushed into 
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the flow path 1c in the shape of the wedge film by rotat- 
ing the record medium 4, pressure is generated at the 
flow path 1c and the slider 1 is flown. Meanwhile, the 
slider 1 is applied with the load by the suspension arm. 
The load and the fly pressure are balanced and the flow 
path 1 c is produced between the slider 1 and the record 
medium 4. The slider 1 is flown inclinediy and therefore, 
the tip 3 of the cantilever 2 is brought into contact with 
the record medium 4. The contact may be brought into 
a state in which the tip 3 is pressed to attach to the 
record medium 4 as shown by Fig. 3 or a state in which 
the tip 3 is attracted by an adsorbing layer 12 of the sur- 
face of the record medium 4 as shown by Fig. 4. How- 
ever, in the case of pressing to attach the tip 3, the 
smaller the load the more preferable. 
[0028] Near-field light is generated at the surface of 
the record medium 4 by illumination of light 7 by the light 
source. When the slider 1 is flown and the tip 3 of the 
cantilever 2 is brought into contact with the record 
medium 4, the near-field light is scattered and propagat- 
ing light 1 1 is generated. The propagating light 1 1 is 
condensed by the condenser lens 5 and is received by 
the light detecting element 6. The intensity or other state 
of the propagating light 1 1 is changed by presence or 
absence of the bit 9 and therefore, in accordance there- 
with, the intensity of the photoelectrical^ converted sig- 
nal is changed. According to the signal processing 
system, the intensity of the signal is subjected to data 
conversion and information on the record medium is 
reproduced. 

[0029] Further, in respect of a length and a thickness 
of the cantilever 2 (corresponding to spring constant), 
the spring constant is set to be small based on the 
height difference between the bottom face 1b of the 
slider and the tip 3, an inclination of the slider 1 when 
the slider is flown, and so on such that the tip is not 
destructed even in the contact state. Further, a mass of 
the cantilever 2 is reduced and the response speed is 
increased. 

[0030] As mentioned above, according to the near- 
field optical head 100, the cantilever 2 is supported by 
the slider 1 and therefore, a large portion of out-of plane 
vibration components produced by rotating the record 
medium 4 is absorbed by the suspension arm. Further, 
vibration components of the cantilever 2 which are oscil- 
lated by, for example, very small recesses and protru- 
sions of the surface of the record medium and vibration 
of the slider 1 and which cannot be absorbed by the side 
of the slider 1, can be absorbed by a contact mode. 
Therefore, an active distance changing mechanism as 
in the conventional case is dispensed with. Further, the 
cantilever 2 can be made to follow the surface of the 
record medium 4 by a simple constitution. Further, the 
cantilever adopts a system of being brought into contact 
with the record medium and accordingly, recording and 
reproducing of fine data can be carried out and a trans- 
mission speed of data is increased. 
[0031] Further, although according to the above- 



described, the very small protrusion is formed at the 
front end of the cantilever, there may be used a so-to- 
speak cantilever with a very small aperture in which an 
aperture is perforated in a normal AFM cantilever. 

5 

(Embodiment 2) 

[0032] Fig. 5 is an outline constitution view showing a 
near-field optical head according to Embodiment 2 of 

10 the invention. The near-field optical head 200 according 
to Embodiment 2 is characterized in installing a contact 
pad 23 having a very small aperture 24 at a front end of 
a cantilever 22. Other constitution is similar to the near- 
field optical head 100 according to Embodiment 1 and 

15 therefore, an explanation of the constitution will be omit- 
ted. The contact pad 23 is installed at a front end of the 
cantilever type optical probe (hereinafter, simply 
referred to as "cantilever") 22 extended from a slider 21 . 
The contact pad 23 is formed in a shape used in a con- 
pa tact slider of HDD. When the slider 21 is made of 
ceramic, the slider and a tip are separately formed and 
matching of heights of these becomes difficult. There- 
fore, a tip is brought into contact with a record medium 
in a state in which the tip is pushed to the record 

25 medium and the tip may be destructed, however, the 
destruction can be prevented by using the contact pad 
23 having the very small aperture 24. 
[0033] The very small aperture 24 is formed at a front 
end of the contact pad 23. Fig. 6 is an enlarged sec- 

30 tional view showing the very small aperture 24. The 
very small aperture 24 is formed by anisotropic etching. 
The very small aperture 24 is formed in a shape of a 
funnel and is provided with an aperture portion 25 at its 
bottom. Further, it is preferable to reduce an area of the 

35 front end of the contact pad 23 for preventing the front 
end from being adsorbed to the record medium 4. On 
the other hand, the front end needs an area of capable 
of being pulled by an adsorbing layer to follow recesses 
and protrusions of the record medium 4. Further, when 

40 the spring constant (pressing force) of the cantilever is 
small, the front end is difficult to wear, however, when 
the spring constant is excessively small the cantilever 
jumps by recesses and protrusions of the record 
medium 4 and accordingly, a spring constant suitable 

45 for satisfying the two conditions needs to be set. 

[0034] Next, an explanation will be given of operation 
of the near-field optical head 200. When the record 
medium 4 is not rotated, the slider 21 does not fly but is 
grounded onto the record medium 4. Under the state, 

so the contact pad 23 is not brought into contact with the 
record medium 4. Next, when the air 10 on the surface 
of the record medium 4 is pushed into a flow path 21 c in 
a shape of a wedge film by rotating the record medium 
4, pressure is generated at the flow path 21c and the 

55 slider 21 is flown. Meanwhile, the slider 21 is applied 
with load by a suspension arm (illustration is omitted). 
The load and the fly pressure are balanced and the flow 
path 21c is produced between the slider 21 and the 
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record medium 4. The slider 21 is inclinedly flown and 
therefore, the contact pad 23 having the very small 
aperture 24 is brought into contact with the record 
medium 4. In this case, it is necessary to promote the 
reliability of the contact pad 23 and the wear can sub- 
stantially be nullified by optimally setting the suspension 
load or the mass of the pad. 

[0035] The near-field light is generated at the surface 
of the record medium 4 by illumination of the light 7 by 
the light source. When the slider 21 is flown and the 
very small aperture 24 is brought into contact with the 
record medium 4, the near-field light is scattered and 
the propagating light 1 1 is generated. The propagating 
light 1 1 is condensed by the condenser lens 5 and is 
received by the light detecting element 6. The intensity 
of the propagating light 1 1 and other state are changed 
by presence or absence of the bit 9 and therefore, in 
accordance therewith, the intensity of the photoelectri- 
cally converted signal is changed. The signal process- 
ing system reproduces information on the record 
medium by subjecting the intensity of the signal into 
data conversion. 

[0036] The cantilever 22 having the contact pad 23 
may be formed with a waveguide path or may be inte- 
grated with a light source, a light detecting element, a 
condensing system and so on and can be functioned as 
a head capable of recording and reproducing data. Fur- 
ther, when a cantilever integrated with a waveguide 
path, a light source and so on is used, a multiplex for- 
mation can be constituted. By the multiplex formation, 
recording and reproducing of a plurality of routes can 
simultaneously be carried out. 

[0037] A multiplex near-field optical head can be real- 
ized by a constitution shown by Fig. 7. That is. a plurality 
of very small apertures 32 and very small apertures 33 
in a shape of a funnel shown by Fig. 6 are formed at a 
contact pad 31 and light sources (illustration is omitted) 
are arranged above the respective very small apertures 
32. By irradiating light 35 from the light sources to the 
very small apertures, near-field light is generated at a 
surface of a record medium 34. By scattering the near- 
field light, propagating light is provided, the propagating 
light is received by light detecting elements (illustration 
is omitted) arranged below the record medium 34 and 
recorded information is reproduced by a change in the 
intensity of the propagating light by a bit 36. 

(Embodiment 3) 

[0038] The above-described multiplex formation of a 
head can be realized also by the following constitution. 
Fig. 8 shows an outline constitution of such a multiplex 
head. A plurality of tips 43 are formed at front ends of a 
plurality of corresponding cantilevers 42. The respective 
cantilevers 42 are extended from a slider (illustration is 
omitted). The slider is flown based on the principle of 
fluid lubrication similar to Fig. 1 . By inclinedly flying the 
slider, the respective tips 43 are simultaneously brought 



into contact with a surface of a record medium 44. An 
array of respective lenses 45 is installed above the 
respective cantilevers 42. The lens array 45 individually 
condenses scattered light provided at the respective 
5 tips 43 and guides the scattered light to an array of opti- 
cal filters 48. Light which has passed through the optical 
filter array 48 is received by an array of light detecting 
elements 46. 

[0039] Illumination light is divided into portions of light 
10 having wavelengths of 11 through 14 by a monochro- 
mator 47. The divided portions of light having the 
respective wavelengths are irradiated to portions of a 
rear face of the record medium 44 in correspondence 
with the respective tips 43. Further, the monochromator 
is 47 uses, for example, gratings, a triangular prism or the 
like. The optical filter array 48 transmits only portions of 
light having wavelength components of the wavelengths 
11 through 14. Accordingly, the respective light detect- 
ing elements can receive only scattered light in corre- 
20 spondence with the respective tips 43. As mentioned 
above, when a multiplex head is constituted by using the 
monochromator 47, it is not necessary to install light 
sources for respective tips and therefore, the constitu- 
tion can be unified comparatively compactly. 

25 

(Embodiment 4) 

[0040] According to the above-described embodi- 
ments, by flying and inclining the slider, the sharp tip or 

30 the contact pad is brought into contact with the record 
medium and when the slider is not flown but stays sta- 
tionary, the tip or the contact pad is separated from the 
record medium. The method of controlling contact and 
noncontact of the tip or the contact pad to and from the 

35 record medium can be realized not only by utilizing the 
inclination produced by flying the slider but also by other 
method. 

[0041 ] Fig. 9 is an outline constitution view showing a 
near-field optical head according to Embodiment 4 of 

40 the invention. The near-field optical head 300 according 
to Embodiment 4 is characterized in installing a z-direc- 
tion moving mechanism 52 for moving a suspension 
arm 50 in a direction orthogonal to the record medium 4. 
Other constitution thereof is the same as that of the 

45 near-field optical head 100 according to Embodiment 1 
and therefore, an explanation of the constitution will be 
omitted. 

[0042] Next, an explanation will be given of operation 
of the near-field optical head 300. When the record 

so medium 4 is rotated, by the z-direction moving mecha- 
nism 52, a slider 61 connected to the suspension arm 
50 is brought into a state of being proximate to the 
record medium 4 and the slider 61 is flown similar to 
Embodiment 1. At this occasion, a tip 63 provided at a 

55 front end of a cantilever 62 extended from the slider 61 
is necessarily brought into contact with the record 
medium 4 by providing a height difference between the 
tip 63 and the bottom face of the slider 61 . However, the 
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spring constant of the cantilever 62 is sufficiently soft 
and accordingly, the tip 63 is not destructed. 
[0043] Further, when the record medium 4 is not 
rotated, by the z-direction moving mechanism 52, the 
slider 61 connected to the suspension arm 50 is brought 
into a state of being separated from the record medium 
4 and the tip 63 and the slider 61 are separated from the 
record medium 4. Therefore, the tip 63 or the slider 61 
is not adsorbed to the record medium 4. 
[0044] In this way, by the z-direction moving mecha- 
nism, contact and noncontact of the tip 63 to and from 
the record medium can be controlled, as a result, when 
the slider 61 is flown, similar to the description in 
Embodiment 1, the tip 63 can be brought into a state of 
being brought into contact with the record medium with- 
out being destructed. Further, in the stationary state, 
the slider 61 and the tip 63 can be maintained in a state 
of being separated from the record medium 4 and 
accordingly, adsorption of the slider 61 or the tip 63 to 
the record medium 4 or destruction thereof can be pre- 
vented. 

[0045] In this case, the near-field optical head 300 is 
not limited to the case in which the tip 63 is formed at a 
vicinity of the front end of the cantilever 62, but may nat- 
urally be formed with a contact pad in place of the tip 63 
as described for Embodiment 2. 
[0046] Further, as the z-direction moving mechanism 
52 for moving the suspension arm 50 orthogonally to 
the record medium 4, as shown by Fig. 10, there may be 
constructed a constitution in which when the slider 61 is 
moved in a radius direction of the record medium 4 
centering on a rotating shaft 51 , the slider 61 is moved 
also in the orthogonal direction by a guide or the like. 
For example, when the slider 61 is separated from the 
record medium 4 in the radius direction (state of bold 
lines), the slider 61 is separated from the record 
medium 4 in the orthogonal direction by a guide 64. 
Conversely, when the slider 61 approaches in the radius 
direction of the record medium 4 (state of dotted lines), 
the slider 61 approaches the record medium 4 in the 
orthogonal direction by the guide 64. 
[0047] Further, although according to the above- 
described respective embodiments, an explanation has 
been given of a point in which in respect of a variation in 
the out-of-plane direction of the record medium, there is 
provided no active mechanism of controlling the dis- 
tance between the head and the record medium, the 
invention does not totally exclude a case in which such 
a mechanism is combined with a head as an assisting 
role. Other than that, according to the above-described 
embodiments, an explanation has been given of various 
means, members or structures in a limited way, they can 
be suitably modified or changed within a designate 
range of the skilled person. 

INDUSTRIAL APPLICABILITY 

[0048] As has been described above, according to the 



near-field optical head of the invention, the cantilever is 
installed to the slider constituting the flying-head mech- 
anism and accordingly, an active distance controlling 
mechanism in respect of a record medium is dispensed 

5 with. Further, by utilizing near-field light, a resolution 
equal to or higher than a diffraction limit of light is 
achieved, there is adopted the system of bringing the 
very small protrusion or the very small aperture into 
contact with the record medium and accordingly, fine 

10 data can be recorded and reproduced and a transmis- 
sion rate of data is increased. 

[0049] Further, according to the near-field optical 
head of the invention, the cantilever is provided to the 
slider constituting the flying-head mechanism and 

is therefore, an active distance controlling mechanism in 
respect of a record medium is dispensed with. Further, 
by utilizing near-field light, a resolution equal to or 
higher than a diffraction limit of light is achieved, there is 
adopted the system of bringing the very small protru- 

20 sion or the very small aperture into contact with the 
record medium and accordingly, fine data can be 
recorded and reproduced and transmission rate of data 
is increased. Further, the cantilever is not in contact with 
the record medium in a state in which the slider stays 

25 stationary and accordingly, the very small protrusion or 
the very small aperture at the front end can effectively 
be protected. 

[0050] Further, according to the near-field optical 
head of the invention, the height difference is provided 

30 between the very small aperture and the bottom face of 
the slider and therefore, only when the slider is fbwn, 
the very small protrusion or the very small aperture is 
brought into contact with a record medium. Therefore, 
the very small protrusion or the very small aperture can 

35 effectively be protected. Further, by combining near- 
field light with the flying-head mechanism similar to the 
above-described, an active distance controlling mecha- 
nism in respect of the record medium is dispensed with 
and the transmission rate of data is increased. 

40 [0051] Further, according to the near-field optical 
head of the invention, there is provided the moving 
mechanism for moving the suspension arm in the direc- 
tion orthogonal to a record medium and accordingly, 
only when the suspension arm is made to approach the 

45 record medium, the very small protrusion or the very 
small aperture is brought into contact with the record 
medium. Therefore, the very small protrusion or the 
very small aperture can effectively be protected. Fur- 
ther, by combining near-field light with the flying-head 

so mechanism similar to the above-described, an active 
distance controlling mechanism in respect of the record 
medium is dispensed with and the transmission rate of 
data is increased. 

[0052] Further, according to the near-field optical 
55 head of the invention, in a state in which the suspension 
arm is separated from a record medium, the very small 
protrusion or the very small aperture is not brought into 
contact with the record medium and the very small pro- 
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trusion or the very small aperture at the front end can 
effectively be protected. Further, only when the suspen- 
sion arm is made to approach the record medium, the 
very small protrusion or the very small aperture is 
brought into contact with the record medium. Therefore, 
by combining near-field light with the flying-head mech- 
anism similar to the above-described, an active distance 
controlling mechanism in respect of the record medium 
is dispensed with and the transmission rate of data is 
increased. 

[0053] Further, according to the near-field optical 
head of the invention, the very small aperture is formed 
at the contact pad installed at an end portion of the can- 
tilever and accordingly, the tip is difficult to destruct. Fur- 
ther, the tip is less adsorbed to the record medium. 
Particularly when matching of heights of the front end of 
the tip and the bottom face of the slider becomes diffi- 
cult, an effective constitution is constructed. 
[0054] Further, according to the near-field optical 
head of the invention, a plurality of very small protru- 
sions or very small apertures are installed, illumination 
light is divided by using the monochromator and the 
divided portions of light are irradiated to portions of the 
record medium in correspondence with the above- 
described respective very small protrusions or very 
small apertures and accordingly, the multiplex formation 
can be constructed by a single light source. Therefore, 
the head size can be made compact 

Claims 

1. A near-field optical head characterized in compris- 
ing: 

a slider supported by a suspension arm for pro- 
viding a load, exerting a fly force by a move- 
ment thereof relative to a record medium and 
producing a clearance between the slider and 
the record medium by balancing the load with 
the fly force; and 

a cantilever extended from the slider and hav- 
ing a very small protrusion or a very small aper- 
ture at an end portion thereof; 
wherein the very small protrusion or the very 
small aperture is brought into contact with the 
record medium by flying and inclining the slider. 

2. A near-field optical head characterized in compris- 
ing: 

a slider supported by a suspension arm for pro- 
viding a load, exerting a fly force by a move- 
ment thereof relative to a record medium and 
producing a clearance between the slider and 
the record medium by balancing the load with 
the fly force; and 

a cantilever having a very small protrusion or a 
very small aperture and extended from the 



slider such that when the slider is brought into 
a state of being in contact with the record 
medium, the very small protrusion or the very 
small aperture is brought into a state of being 
5 not in contact with the record medium; 

wherein when the slider is flown and inclined, 
the very small protrusion or the very small 
aperture is brought into contact with the record 
medium. 

10 

3. A near-field optical head characterized in compris- 
ing: 

a slider supported by a suspension arm for pro- 
15 viding a load, exerting a fly force by a move- 

ment thereof relative to a record medium and 
producing a clearance between the slider and 
the record medium by balancing the load with 
the fly force; and 
20 a cantilever having a very small protrusion or a 

very small aperture at an end portion thereof, 
extended from the slider and providing a height 
difference between the very small protrusion or 
the very small aperture and a bottom face of 
25 the slider; 

wherein when the slider is flown and inclined, 
the very small protrusion or the very small 
aperture is brought into contact with the record 
medium. 

30 

4. A near-field optical head characterized in compris- 
ing: 

a slider supported by a suspension arm for pro- 
35 viding a load, exerting a fly force by a move- 

ment thereof relative to a record medium and 
producing a clearance between the slider and 
the record medium by balancing the load with 
the fly force; 

40 a cantilever extended from the slider and hav- 

ing a very small protrusion or a very small aper- 
ture at an end portion thereof; and 
a moving mechanism for moving the slider in a 
direction orthogonal to the record medium; 

45 wherein the very small protrusion or the very 

small aperture is brought into contact with the 
record medium when the slider is made to 
approach the record medium by the moving 
mechanism and is made to fly. 

50 

5. A near-field optical head characterized in compris- 
ing: 

a slider supported by a suspension arm for pro- 
55 viding a load, exerting a fly force by a move- 

ment thereof relative to a record medium and 
producing a clearance between the slider and 
the record medium by balancing the load with 
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the fly force; 

a moving mechanism for moving the slider in a 
direction orthogonal to the record medium; and 
a cantilever having a very small protrusion or a 
very small aperture and extended from the s 
slider such that the very small protrusion or the 
very small aperture is brought into a state of 
being not in contact with the record medium 
when the slider is brought into a state of being 
separated from the record medium; 10 
wherein when the slider is made to approach 
the record medium and is made to fly, the very 
small protrusion or the very small aperture is 
brought into contact with the record medium. 

15 

The near-field optical head according to any one of 
Claims 1 through 5: 

wherein the very small aperture is formed at a con- 
tact pad provided at the end portion of the canti- 
lever. 20 

The near-field optical head according to any one of 
claims 1 through 6: 

wherein a plurality of the very small protrusions or 
the very small apertures are provided, illumination 25 
light is divided by using a monochromator and 
divided portions of the light are irradiated to por- 
tions of the record medium in correspondence with 
the respective very small protrusions or very small 
apertures. so 
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